Background: Salivary endothelin (ET) concentrations have been shown to correlate with disease severity in patients with chronic heart failure (CHF). We undertook the present study to evaluate the stability of salivary ET under different handling conditions to assess its suitability as a biochemical marker in screening, diagnosis, and management of CHF. Methods: Saliva samples were collected from healthy individuals and/or CHF patients, subjected to different handling conditions, and then stored at ؊80°C until assayed by an ELISA for ET. Results: Salivary ET concentrations showed a timedependent increase during storage at room temperature. After 72 h of incubation at room temperature, ET increased ϳ2.8-fold (P ‫؍‬ 0.03). Simultaneously, salivary big ET showed a time-dependent 11.2-fold decrease (P <0.0001). This activity was blocked by an ET-converting enzyme (ECE) inhibitor, suggesting that these changes were attributable to ECE-dependent cleavage of endogenous big ET in saliva. Ex vivo conversion was also observed when samples were stored at 4°C, but the magnitude of these changes was markedly smaller (P <0.0001). Posture also affected salivary ET concentrations in CHF patients. With a change from supine to seated rest, salivary ET concentrations increased 1.5-and 1.8-fold after 20 and 40 min, respectively (P ‫؍‬ 0.01). With a return to supine rest, salivary ET concentrations returned to baseline concentrations (P ‫؍‬ 0.008). Conclusions: These data suggest that saliva sampling and handling conditions could markedly affect measurement of salivary ET. In particular, care should be
Endothelin (ET)
1 is a 21-amino acid peptide that has been found to be a potent vasoconstrictor in various vascular beds (1, 2 ) . In addition, this peptide has mitogenic (3, 4 ) , hypertropic, and profibrotic effects (5 ) within several organs, which may be of clinical relevance in a variety of disease states. ET is produced primarily by endothelial cells in the vasculature, as well as by several other cell types. Most endogenous release of ET in the vasculature is abluminal, directed toward vascular smooth muscle cells involved in the control of vascular tone (6 ) . Only ϳ20% of ET is released toward the vascular lumen. As such, plasma concentrations of ET poorly reflect local activation of this peptide, and in situations in which ET concentrations are increased in plasma, marked activation is indicated. Perhaps the most marked activation of the ET system in any disease state occurs in the setting of chronic heart failure (CHF). Patients with established CHF have a two-to threefold increase in plasma concentrations of ET, which correlate with severity of disease (7 ) . Furthermore, plasma ET concentrations provide prognostic information in this setting (8 ) .
Whereas plasma concentrations are increased in patients with CHF, in healthy individuals concentrations are almost undetectable by current assay methodologies. In contrast, salivary ET concentrations have been found to be 3.7-fold higher than plasma concentrations in healthy individuals and to be readily measurable (9 ) . Thus, concentrations of ET in saliva are significantly higher than the lower limits of detection of most assays. Moreover, salivary ET concentrations respond to physiologic stimuli known to alter plasma ET concentrations; specifically, ET concentrations increase with assumption of upright posture in healthy individuals (10 ) . Because saliva is readily accessible and collectible, it has advantages over blood and urine for biochemical monitoring of chronic conditions.
We recently described increases in saliva ET concentrations in CHF patients compared with healthy individuals (11 ) . The increase was 2.6-fold, comparable to that observed in plasma. Furthermore, saliva ET concentrations increased with worsening disease severity, as judged by New York Heart Association class. We also reported a significant correlation between saliva and plasma ET concentrations in CHF patients. On the basis of these observations, measurement of ET concentrations in saliva may be a simple, noninvasive method to aid in assessment of disease severity in CHF. Although yet to be established, salivary ET may also have utility in tracking response to therapy. There are, however, numerous factors that may affect the measurement of biological substances in saliva, particularly with regard to sample stability and the effects of various external stimuli, such as storage temperature and diurnal variation. Because the influence of these factors is currently unknown, the present study assessed the stability of salivary ET concentrations within various physical settings and physiologic stimuli.
Materials and Methods participants
Healthy individuals were 25-50 years of age and gave informed consent to participate in the study. They were on no cardiovascular medications and had no history of diseases likely to alter ET concentrations.
Individuals diagnosed with CHF and attending the Heart Centre at the Alfred Hospital as outpatients consented to participate in the study. All participants were instructed to fast for 1 h before the study to eliminate the confounding effect of food contamination. This study was approved by the Alfred Hospital Human Ethics Committee (CP-98/01).
sample collection
Before saliva sample collection, study participants were instructed to rest in the seated position for at least 20 min. A saliva sample was then collected over 2 min in a plastic vial containing a sterile dental cotton roll (Salivette; Sarstedt). Salivary fluid was extracted immediately by centrifugation at 1000g for 5 min and aliquoted into 500-L tubes for further studies. Samples that were not used immediately were stored at Ϫ80°C. Samples were usually assayed within 1 week of collection, unless otherwise indicated.
effect of sample storage temperature on salivary et
All samples used as storage temperature controls were kept at Ϫ80°C immediately after extraction. Test samples were kept at 4°C or room temperature (23°C) for various time points (4 -96 h) and then stored at Ϫ80°C for later analysis. Samples were assayed with the Biomedica ELISA for ET. Ten healthy individuals were involved in this study.
impact of et-converting enzyme activity in salivary et system Multiple saliva samples from each individual (n ϭ 3) were collected, extracted, pooled, and divided into two 2-mL aliquots. One aliquot served as control, and the second aliquot was treated with an agent [ET-converting enzyme inhibitor (ECEi); CGS26303, (S)-2-biphenyl-4yl-1-(1H-tetrazol-5-yl)-ethylamino-methyl phosphonic acid; Novartis] that inhibits the ET-converting enzyme (ECE), which converts the precursor 39-amino acid big ET to the mature 21-amino acid ET. The final concentration of CGS26303 was 50 mol/L. Each aliquot was then divided into 500-L volumes and kept at room temperature for 0, 24, 30, or 48 h. At the end of each time period, samples were stored at Ϫ80°C for later analysis.
In a separate experiment, 9 mL of salivary fluid from each of three healthy individuals was divided into 3-mL aliquots (A, B, and C). Aliquot A was treated with phosphate-buffered saline (PBS) only and served as control, rat big ET was added to aliquot B to a final concentration of 10 pmol/mL, and aliquot C was treated with rat big ET and with the ECEi at a final concentration of 50 mol/L. Treated saliva samples were then aliquoted into five tubes and incubated at room temperature for 0, 4, 8, 24, or 48 h. At the end of each time period, samples were stored at Ϫ80°C for later analysis. All samples were assayed for ET with the in-house-developed ELISA.
salivary et stability during prolonged freezing at Ϫ80°C
Twelve saliva samples were collected from healthy individuals, and each sample was assayed twice, immediately after collection and after 5 weeks of storage at Ϫ80°C. The recovery rates were calculated according to the following formula: Recovery rate (%) ϭ 100% ϫ (salivary ET concentration at week 5/salivary ET concentration at day 0). Samples were assayed for ET by the Biomedica ELISA. 
et (1-21) measurements
Salivary ET was measured by a commercially available ELISA (Biomedica). All samples and calibrators were assayed in duplicate. The inter-and intraassay imprecision (as CV) was Յ7.6% and 4.5%, respectively. The recovery rate for ET-1 in saliva was Ͼ95% with a sample concentration Ն5 pmol/L (12.5 pg/mL). The lower detection limit was 0.05 pmol/L (0.125 pg/mL). Cross-reactivity of the ELISA was 100% to both ET-1 and ET-2, Ͻ5% to ET-3, and Ͻ1% to big ET. ET-2 and ET-3 are estimated to comprise Ͻ20% and 50%, respectively, of the ET-1 concentration in human plasma and similar proportions in human saliva (9 ) . Despite the presence of cross-reactivity to other ET isoforms in saliva samples, the assay measures primarily ET-1. Assays were performed according to the manufacturer's instructions for measurement of ET in human saliva samples with several modifications as follows: samples were incubated with detection antibody at 4°C overnight instead of room temperature as instructed; all samples and calibrators were diluted 1:5 before assay; and all samples and calibrators were diluted in proteinbased buffer (PB buffer; supplied by the assay manufacturer).
Salivary ET was also measured by an in-house-developed chemiluminescent immunoassay specific for ET-1. This assay is a solid-phase ELISA designed to measure ET-1. The intra-and interassay imprecision was determined using high (100 ng/L), medium (25 ng/L), and low (3.13 ng/L) concentrations of controls. Intraassay imprecision was Յ 2.1%, 3.8%, and 3.1%, respectively; interassay imprecision was Յ2.1%, 5.9%, and 10%, respectively; and the recovery rate was Ͼ95%. The minimum detectable dose of ET-1 was determined by adding 2 SD to the mean relative light units (RLU) for replicates of the zero calibrator and calculating the corresponding concentration; the minimum detectable dose was typically Ͻ0.1 ng/L. Cross-reactivity of the ELISA was 100% to ET-1, 15% to ET-2, 1.15% to ET-3, and 0.002% to big ET. In brief, white Immuno plates (MaxiSorp TM ; Nalge Nunc) were coated with 100 L of rabbit anti-human ET-1 antibody (Silenus) overnight at 4°C. After the plate was washed with PBS containing 0. 
statistical analysis
Salivary ET and big ET-1 concentrations are expressed as the mean (SD). Statistical analysis was performed using SAS, Ver. 8.2 (SAS Institute Inc.). Tests for trend were performed using Pearson correlation coefficients or with Spearman correlation coefficients when data were nonnormally distributed. Where repeat measure data existed, statistical significance was determined using repeatedmeasures ANOVA. A two-sided P value of 0.05 was considered to be statistically significant.
Results

development of chemiluminescent immunoassay for salivary et-1
A typical calibration curve for the in-house chemiluminescent ELISA is shown in Fig. 1 . The minimum detectable dose of ET-1 (by definition x ϩ 2 SD of zero calibrator) was Ͻ0.1 ng/L. Cross-reactivity of the ELISA was 100% to ET-1, 15% to ET-2, 1.15% to ET-3, and 0.002% to big ET. The interassay imprecision (CV) was 2.1% at 100 ng/L, 5.9% at 25 ng/L, and 10% at 3.13 ng/L. effect of sample storage time and temperature on salivary et
The temperature at which samples are stored appears to influence the ET concentrations in saliva. Salivary ET increased during incubation at room temperature in a time-dependent fashion, from 0.19 (0.05) ng/L at baseline to 4.37 (0.13) ng/L after 96 h incubation, a 23-fold increase (P Ͻ0.0001; Fig. 2A) . A time-dependent increase in ET concentrations was also observed when the samples were stored at 4°C, but the magnitude of these changes was smaller [1.53 (0.06) ng/L after 96 h incubation, an eightfold increase; P Ͻ0.0001; Fig. 2B ].
presence of big et in saliva
To investigate the source of the increased salivary ET during storage at room temperature and 4°C, as shown in Fig. 2 , we measured the concentrations of big ET (the 39-amino acid ET precursor) in saliva. We observed a time-dependent decrease in big ET to a median value of 8.9% (11.2-fold reduction; P Ͻ0.0001) of baseline over 72 h at room temperature (Fig. 3A) , concomitant with the time-dependent increase in ET concentrations [373.8% of baseline after 40 h at room temperature, a 3.7-fold increase (P ϭ 0.0007); and 276.4% of baseline after 72 h at room temperature, a 2.8-fold increase (P ϭ 0.03); Fig. 3B ]. Conversion was also observed during sample storage at 4°C, but the magnitude of these changes was markedly smaller (P Ͻ0.0001). Big ET in saliva decreased to 64.5% of baseline (1.6-fold reduction; P ϭ 0.006) after 72 h (Fig. 4A) , with a small attendant increase in ET concentrations (P ϭ 0.3321; Fig. 4B ).
effect of ece inhibition on the salivary et system
To further explore the conversion of big ET in human saliva, we used the ECEi (CGS26303) to inhibit endogenous enzyme activity. After incubation for 48 h at room temperature, ET concentrations in saliva increased from 0.85 (0.12) ng/L to 3.34 (0.08) ng/L (P Ͻ0.0001; Fig. 5A ). Addition of ECEi to the saliva samples attenuated the time-dependent increase in ET concentrations [1.54 (0.11) ng/L after 48 h; P Ͻ0.0001 compared with saliva alone]. When exogenous big ET peptide (rat; 10 pmol/L) was added to the saliva sample (Fig. 5B) , the increase in ET concentration was greater than in saliva alone at each time point (P ϭ 0.001). Addition of the ECEi in the presence of exogenous big ET attenuated the increase in saliva ET at room temperature: after incubation for 48 h, saliva alone showed a 3.3-fold increase, saliva ϩ big ET showed a 5.67-fold increase, and saliva ϩ big ET ϩ ECEi showed a 3.9-fold increase (P Ͻ0.0001 for saliva ϩ big ET compared with saliva alone or saliva ϩ big ET ϩ ECEi).
salivary et stability during prolonged freezing at Ϫ80 ЊC
The effect of prolonged storage (5 weeks) on salivary ET concentrations was assessed. Twelve samples were assessed twice, immediately after collection (day 0) and after 5 weeks of storage at Ϫ80°C. Statistically significant Results are expressed as the mean (SD; error bars). ‫ء‬ indicate a significant (P Ͻ0.0001) difference in salivary ET concentrations between the incubation times.
reductions were observed over 5 weeks of storage (P ϭ 0.0005). Approximately 42% of the samples lost Ͼ50% of their original activity, 42% lost 40 -50% of their original activity, and 17% samples lost Ͻ10% activity. Thus, Ͼ80% of samples lost Ն10% of the original activity over 5 weeks of storage at Ϫ80°C.
effect of posture on salivary et concentrations
The effects of posture on salivary ET concentrations in CHF patients were also investigated in four individuals. Salivary ET concentrations increased to 146.5% of the values for samples collected in the supine position when patients assumed the seated resting position for 20 min (P ϭ 0.06). After an additional 20 min of seated rest, salivary ET concentrations were 176.3% of the values for samples collected in the supine position (P ϭ 0.01). When patients returned to supine rest for 20 min, salivary ET concentrations returned to concentrations similar to the baseline (supine position) concentrations (94.2%; P ϭ 0.008).
diurnal variation of salivary et
The diurnal variations in salivary ET were investigated in five individuals (Fig. 6 ). There was no clear indication of a particular time of day that salivary ET concentrations were highest. The pattern of production varied among individuals over the day.
Discussion
The present study was undertaken to investigate factors that may affect the accuracy of salivary ET values obtained by routine assays for the possible diagnosis and management of patients with suspected and confirmed CHF. We focused on factors that may affect the stability of ET in salivary samples under the handling conditions commonly encountered in clinics, hospital wards, physicians' offices, and clinical laboratories. These include the influence of temperature, prolonged storage, and patient posture as well as diurnal changes.
Many hormone peptides have been found to be relatively unstable, with the potential for substantial degradation during storage at room temperature (12, 13 ) . In contrast, concentrations of salivary ET in the current study showed a steady increase during incubation at room temperature. The results suggest that there is ECE activity in saliva that continuously converts big ET to ET, producing a time-dependent decrease in big ET and consequent increase in ET. The data also indicated heterogeneity in salivary ET concentrations among individuals. This variability may be attributable to variations in the availability of big ET or ECE for conversion of ET in saliva. Individual variability in plasma concentrations of ET in apparently healthy individuals has also been reported (14 -16 ) . Circulating plasma ET concentrations are significantly increased in African Americans, and the prevalence of hypertension and its complications is also higher in blacks than in whites (15, 16 ) . Plasma ET concentrations both at rest and in response to acute stress are increased in ethnic adolescents (17 ) and black male adolescents (18 ) . Moreover, plasma ET concentrations are higher in male than in female adolescents (17 ) .
The production of human ET involves expression of the 212-amino acid precursor, preproendothelin, which is cleaved proteolytically to a 39-amino acid residue precursor peptide, big ET (19 ) . Cleavage of big ET at Trp by ECE yields the biologically active ET peptides [ET , including ET-1, ET-2, and ET-3] and the C-terminal fragment (22-38) (20 ) . ET-2 exhibits the closest structural similarity to ET-1, differing by only two amino acids (91% of homology), whereas ET-3 differs from ET-1 by six amino acids (71% of homology) (21 ) . As mentioned earlier, ET-2 and ET-3 are estimated to account for Ͻ20% and 50%, respectively, of the ET-1 in human plasma and for similar proportions in human saliva (9 ) . Therefore, the time-dependent increases in ET in saliva that occur simultaneously with progressive decreases in big ET concentrations suggest the presence of big ET as well as ECE bioactivity in human saliva. This hypothesis was strongly supported by the addition of an ECEi to the saliva samples: CGS26303 successfully inhibited the steady increase of ET in saliva stored at room temperature. Overall, concentrations of salivary ET increased when samples were incubated at 4°C for longer periods of time. However, in some samples, a decrease in ET was also observed during the early time points after sampling. This may relate to the balance between ET degradation and the speed of cleavage of big ET to mature ET. ET has a very short half-life in vivo (22 ) , and the presence of proteases and/or other molecules in saliva may also contribute to the degradation of ET in saliva. As expected, it appears from these data that ECE enzyme activity is greater at room temperature than at 4°C.
It has been reported that postural changes affect plasma and saliva ET concentrations in healthy individuals (10, 23 ) . Because ET concentrations are increased in CHF, we investigated whether salivary ET concentrations respond differently to changes in posture in this setting. Because CHF patients may have difficulty in standing for prolonged periods of time, this study was modified compared with earlier studies. The findings of the present study are in agreement with those of Whitson and Chen (10 ) , who found that postural changes modulate salivary ET concentrations in healthy individuals. However, because the origin of salivary ET is unknown, it is difficult to speculate whether the change of salivary ET with posture is a baroreceptor-mediated reflex salivary hormone response to orthostatic stress during postural changes or merely reflects spillover of ET from the circulation.
Most hormones display diurnal fluctuations. This is particularly true for many neurohormonal factors, as well as cardiac hormones. It has been reported that healthy volunteers have diurnal variations in their endotheliumdependent and -independent vasodilation (24, 25 ) . However, to date there has been no study on diurnal fluctuations in salivary ET concentrations. The preliminary results in our study indicated that there is no clear indication of diurnal variation in salivary ET concentrations overall. Variability among individuals may be attributable to differences in age, gender, and ethnic background, as discussed earlier, or to diurnal variation in blood pressure or hydration (i.e., saliva more or less concentrated). Until further clarified, it should be recommended that, to minimize diurnal variations, saliva samples be collected at the same time of the day from individual patients.
Many attempts have been made over the years to use saliva as a sample in the diagnosis and prognosis of oral and systemic diseases. However, because of physiologic variations in many components in saliva, it has been difficult to monitor changes in salivary composition in different disease states. In the present study, we have demonstrated that salivary ET concentrations change significantly in response to the physical environment. Therefore, these exogenous factors influencing salivary ET concentrations must be considered when using these measurements to monitor diseases such as CHF.
